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(54) MODULATOR INTEGRATED LIGHT SOURCE AND MODULE FOR OPTICAL 
COMMUNICATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the whole 
yield of a modulator integrated light source with 
the asymmetric A/4 phase shift range of which a 
semiconductor of distribution feedback type and a 
modulator of light absorbing type are integrated on 
the same substrate and to reduce the cost of its 
manufacture. 

SOLUTION: This modulator integrated power 
source is provided with a semiconductor laser of 
distribution feedback type 20 and a modulator of 
light absorption type 30, which are formed on the "flir 
same n-InP substrate 1. The relationship between 
the kL value of a diffraction grating 3 with a phase 
shift range 4 and the reflectance is selected to 
maximize the yield of the integrated power source. 
kL value is selected within the range of 1 to 1.2 in 
the case the reflectance R is between 0.01 and 
0.02%, while kL value is selected larger as the 
reflectance R gets larger. 
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(54) Light source containing a distributed feedback laser and an integrated optical modulator 



(57) An optical device including: a substrate (11 ); a 
distributed feedback (DFB) semiconductor laser (30) 
formed on the substrate (11) and including a diffraction 
grating (13) having an asymmetrical X/4 phase shift re- 
gion (14), the diffraction grating (13) extending along an 
optical axis of the DFB semiconductor laser (30); and a 
field absorbing modulator (40) integrated with the DFB 
semiconductor laser (30) on the substrate (1 1 ) for mod- 
ulating a light wave emitted from the DFB semiconduc- 



tor laser (30) characterized in that: the modulator (40) 
has a facet reflection rate between 0.01 and 0.02 % at 
an output end thereof, and the diffraction grating (13) 
has a k L value between 1 and 1 .2. The proper combi- 
nations of the k Lvalue of the diffraction grating (13) and 
the reflection rate of the output facet of the modulator 
(40)of the DEB semiconductor laser (30) can fabricate 
the source for integrating the modulator (40) having the 
excellent quality with a higher yield and lower cost. 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the invention 

[0001] The present invention relates to a light source 
integrated with a modulator and a module for optical 
communication, and especially to the structure for the 
light source integrated with the modulator and suitable 
for a light source for long distance trunk used in wave- 
length division multiplexing (WDM). 

(b) Description of the Related Art 

[0002] As a light source for long distance trunk used 
in WDM, a module is put into practice which includes a 
distributed feedback semiconductor laser (DFB-LD) and 
a field absorbing modulator (MOD) on a single semicon- 
ductor substrate. This type of light source can realizes 
the transmission speed as high as 2.5 Gb/s and has 
been vigorously researched. 

[0003] A resistance to distribution or an ability of 
transmitting long-distance signals in the DFB-LD is the 
most important parameter exhibiting element perform- 
ance. The selection of products having no defect therein 
is currently conducted by measuring the resistance to 
distribution or the power penalty after the transmission 
of each element. It is an important subject to increase 
the yield of the selection for decreasing the cost of the 
light source. 

[0004] Murotani et al. reported the dependency of the 
single mode yield of the DFB/MOD module having an 
asymmetrical X/4 phase shifter (a structure obtained by 
moving the X/4 phase shift region of the diffraction grat- 
ing from the central position of the DFB-LD, hereinafter 
referred to as "asymmetrical X /4-DFB/MOD M ) on a k L 
value of a diffraction grating in the DFB-LD in the Elec- 
tronics Society Meeting (C-4-15, p242) held in Septem- 
ber 1999 by the Institute of Electronics, Information and 
Communication Engineers. 

[0005] As shown in Fig.1 , the single mode yield rap- 
idly decreases with the increase of the k L in the asym- 
metrical X/4-DFB/MOD module. Conventional publica- 
tions including the above publication describe neither 
the yield of the power source integrated with the modu- 
lator separately from the single mode yield, nor the op- 
timum structure regarding determination of the facet re- 
flection rate and of the k L. The optimum structure has 
not been conventionally established by considering the 
dependency of the diffraction grating on the k L value 
and the dependency of the modulator on the facet re- 
flection rate. 

SUMMARY OF THE INVENTION 

[0006] In view of the foregoing, an object of the 
present invention is to increase the yield of obtaining 



DFB/MOD module having no defect by considering the 
dependency of the CL value of the diffraction grating on 
the single mode yield and the transmission yield and the 
dependency of the modulator on the facet reflection 
5 rate. 

[0007] The present invention provides an optical de- 
vice including: a substrate; a distributed feedback (DFB) 
semiconductor laser formed on the substrate and in- 
cluding a diffraction grating having an asymmetrical X/4 

10 phase shift region, the diffraction grating extending 
along an optical axis of the DFB semiconductor laser; 
and a field absorbing modulator integrated with the DFB 
semiconductor laser on the substrate for modulating a 
light wave emitted from the DFB semiconductor laser, 

15 the modulator having a facet reflection rate between 
0.01 and 0.02 % at an output end thereof, the diffraction 
grating having aCL value between 1 .4 and 1 .7. 
[0008] In another aspect of the present invention, the 
facet reflection rate of the output end of the modulator 

20 is in a range between 0.02 and 0.03 %, and the kL value 
of the diffraction grating is between 1 .2 and 1 .3. 
[0009] In a further aspect of the present invention, the 
facet reflection rate of the output end of the modulator 
is in a range between 0.03 and 0.05 %, and the k.L value 

25 of the diffraction grating is between 1 .3 and 1 .4. 

[0010] In a still furtheraspect of the present invention, 
the facet reflection rate of the output end of the modu- 
lator is in a range between 0.05 and 0.1 %, and the kL 
value of the diffraction grating is between 1 .4 and 1 .7. 

so [0011] In accordance with the present invention, the 
proper combinations of the kL value of the diffraction 
grating and the reflection rate of the output facet of the 
modulator of the DFB semiconductor laser can fabricate 
the source for integrating the modulator having the ex- 

35 cellent quality with a higher yield and lower cost. 

[0012] The above and other objects, features and ad- 
vantages of the present invention will be more apparent 
from the following description. 

40 BRIEF DESCRIPTION OF DRAWINGS 

[0013] Fig.1 is a graph showing a relation between a 
CL value of a diffraction grating and a single mode yield. 
[0014] Fig.2 is a vertical sectional view showing a 

45 source for integrating a modulator in accordance with a 
first embodiment of the present invention. 
[0015] Fig. 3 is a graph showing chirping wave-shapes 
which change depending on each of the combinations 
of both the facets of the source for integrating the mod- 

50 ulator of Fig.2. 

[001 6] Fig. 4 is a wave-shape diagram of a signal volt- 
age applied to the modulator during measurement of the 
chirping. 

[0017] Fig. 5 is a graph showing a relation between 
55 aEX value of a diffraction grating and a transmission 
yield. 

[001 8] Fig. 6 is a graph showing a relation between the 
value of the diffraction grating and the transmission 
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yield using, as a parameter, the reflection rate of the out- 
put facet of the modulator. 

[0019] Fig. 7 is a graph showing a relation between the 
□L value of the diffraction grating and ail the yield using, 
as a parameter, the reflection rate of the output facet of s 
the modulator. 

[0020] Fig. 8 is a top plan view showing a resonator 
module in accordance with a second embodiment of the 
present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0021 ] Then , the configuration of a light source for in- 
tegrating a modulator of a first embodiment will be de- 
scribed referring to Fig. 2. 

[0022] As shown therein, a distributed feedback sem- 
iconductor laser (DFB-LD) 30 and a field absorbing 
modulator (MOD) 40 are integrated together on a single 
semiconductor substrate. A diffraction grating 13 having 
a space period of 2400 A formed in a direction of 
progress of light and a flat phase shifting region 14 hav- 
ing a length of X g/4 are formed on an n-lnP substrate 
11 by using, for example, an electron-beam exposure 
method or a chemical etching method. The phase shift- 
ing region 14 is disposed in the diffraction grating 13 
such that the ratio between distances from the rear facet 
and the front facet (the emission end of the semicon- 
ductor laser) to the phase shifting region is 0.3 : 0.7. 
Then, an n-lnGaAsP optical guide layer 15 having a 
wavelength of 1.15 nm, an un doped InGaAsP active lay- 
er 16 having a wavelength of 1 .55 jim, a p-lnp cladding 
layer 17 and a p + -lnGaAs cap layer 18 are sequentially 
and epitaxialiy grown. Further, an n-lnGaAsP buffer lay- 
er 20, an undoped InGaAsP light-absorbing layer 21, a 
p-lnP cladding layer 22, and a p+-lnGaAs cap layer 23 
are sequentially and epitaxialiy stacked onto the same 
n-lnP substrate 11 by using a selective MOVPE (Metal 
Organic Vapor Phase Epitaxy) method or a pad joint 
method. 

[0023] Then , a trench 25 is formed by using an ordinal 
etching method for electrically isolating the modulator 
40 and the DFB laser 30. An n-type electrode 12 and p- 
type electrodes 14 and 19 are formed on the multi-lay- 
ered semiconductor obtained in this manner. Finally, an 
AR (anti-reflection) coat film 27 is formed on the facet 
of the modulator 40, and an HR (higher reflection) coat 
film 26 is formed on the facet of the DFB-LD 30, thereby 
providing the configuration of the light source integrated 
with the modulator of the embodiment. The reflection 
rate of the light-emitting facet of the modulator 40 (opti- 
cal power reflection rate) is 0.01 %, and the CL value of 
the diffraction grating 13 of the DFB laser 30 is estab- 
lished between 1 and 1 .2, wherein "W is a mode cou- 
pling constant, and n L" is a cavity length of the DFB laser. 
[0024] Under the condition of continuously emitting 
light by the semiconductor laser at an operation current 
of 70 mA, a pulse voltage shown in Fig. 4 was applied 
between the electrodes 23 and 12 of the modulator 40 



to obtain the simulated change of the laser emission fre- 
quencies (chirping) as shown in Fig .3 by using a simu- 
lation. A plurality of curves in Fig. 3 were formed depend- 
ing on the combinations of the optical phases at both 
the facets of the light source integrated with the modu- 
lator. It can be seen from Fig. 3 that the change of the 
combination of the optical phases at both the ends sig- 
nificantly changes its chirping. However, the excellent 
chirping can be hardly obtained if the combination of the 
phases at both the ends is determined by simply select- 
ing the cavity length of the semiconductor laser. 
[0025] The chirping is a main factor dominating the 
transmission performance, and the degree of the chirp- 
ing is changed depending on the combination of the fac- 
et phases. The combination of the front and rear facet 
phases differs from the combination of another element, 
and has randomness substantially uncontrollable. 
Among the facet phases randomly occurring, the ratio 
of the facet phases generating the chirping in a permit- 
ted range exhibits the transmission yield. 
[0026] A graph of Fig.5 shows the chirping from peak 
to peak (Afpp), wherein simulated results (a curve 101 
in the graph) of the transmission yields were obtained, 
and results by the actual measurement (dots 1 02 in the 
graph) were obtained under the situation that the prod- 
uct having the Afpp 2.5 GHz was judged to be good qual- 
ity. It can be seen from the graph of Fig.5 that the sim- 
ulated results and the actual results were in excellent 
agreement, and the transmission yield increased with 
the increase of the (ZL value of the diffraction grating. 
The results are illustrated in Fig. 6 which were obtained 
by the simulation and show the dependency of the trans- 
mission yield on the OL value and the reflection rate (R) 
of the modulator facet. As shown in the graph, the re- 
duction of the reflection rate (R) increases the transmis- 
sion yield. 

[0027] The dependency of the single mode yield 
which is another main factor of increasing the yield on 
the Q_ value was measured and summarized in Fig.1 . 
[0028] All the yield changes depending on the above 
two main factors are shown in Fig. 7, that is, the depend- 
ency of all the yields obtained by the single mode yield 
and the transmission yield on the d value of the diffrac- 
tion grating and the reflection rate of the modulator facet. 
Although only part of the reflection rates are shown in 
Fig. 7 for facilitating the understanding, other various 
curves corresponding to the remaining reflection rates 
were obtained based on the simulations shown in Figs. 
1 and 6 and actual measurements. It can be understood 
from Figs.6 and 7 that the proper selection of the CL 
value and the facet reflection rate can obtain the maxi- 
mum yield. For example, the maximum yield can gen- 
erally be obtained in the kL value range between 1 and 
1 .2 when the facet reflection rate (R) is 0.01 %, and can 
be obtained in the kL value range between 1 .4 and 1 .7 
when the facet reflection rate (R) is 0.1 %. 
[0029] The kL value range realizing the maximum 
yield of the integrated source was established with re- 
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spect to each of the facet reflection rates of the modu- 
lator based on the combinations of the points obtained 
in Figs.1 and 6. The kL value range is between 1 .0 and 
1.2 when the reflection rate is between 0.01 and 0.02 
%, the kL vaiue range is between 1 .2 and 1 .3 when the 
reflection rate is between 0.02 and 0.03 %, the k L value 
range is between 1 .3 and 1 .4 when the reflection rate is 
between 0.03 and 0.05 %, and the k L value range is 
between 1 .4 and 1 .7 when the reflection rate is between 
0.05 and 0.1 %. In this manner, the all the maximum 
yields of the integrated source can be obtained by the 
combinations of the proper k L value and the reflection 
rate. 

[0030] Then, the configuration of a modulator module 
for optical communication of a second embodiment will 
be described referring to Fig. 8. 

[0031] The modulator module 52 includes a photo- 
modulator 53 having substantially same configuration 
as that of the first embodiment and a non-spherical sur- 
face lens 54 jointly having a single optical axis with the 
photo-modulator 53 overlying a sub-mount 51. The light 
of the photo-modulator 53 is incident through the non- 
spherical surface lens 54 on an optical fiber 55 an end 
of which is fixed to the end of the sub-mount 51 . The 
modulator module 52 of the embodiment easily forms 
optical modulation signals with lower chirping. 
[0032] Since the above embodiment is described only 
for examples, the present invention is not limited to the 
above embodiment and various modifications or altera- 
tions can be easily made therefrom by those skilled in 
the art without departing from the scope of the present 
invention. 



Claims 

1. An optical device comprising: 

a substrate; 

a distributed feedback (DFB) semiconductor la- 
ser (30) formed on the substrate (11) and in- 
cluding a diffraction grating (13) having an 
asymmetrical XI4 phase shift region (14), the 
diffraction grating (13) extending along an op- 
tical axis of the DFB semiconductor laser (30); 
and 

afield absorbing modulator (40) integrated with 
the DFB semiconductor laser (30) on the sub- 
strate (11) for modulating a light wave emitted 
from the DFB semiconductor laser (30) char- 
acterized in that: 

the modulator (40) has a facet reflection 
rate between 0.01 and 0.02 % at an output end 
thereof, and the diffraction grating (13) has a k 
L value between 1 and 1 .2. 

2. An optical modulator comprising the optical device 
as defined in claim 1 as a built-in light source. 
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3. An optical device comprising: 
a substrate; 

a distributed feedback (DFB) semiconductor la- 
ser (30) formed on the substrate (11) and in- 
cluding a diffraction grating (13) having an 
asymmetrical X, /4 phase shift region (14), the 
diffraction grating (13) extending along an op- 
tical axis of the DFB semiconductor laser (30); 
and 

afield absorbing modulator (40) integrated with 
the DFB semiconductor laser (30) on the sub- 
strate (11) for modulating a light wave emitted 
from the DFB semiconductor laser (30) char- 
acterized in that: 

the modulator (40) has a facet reflection 
rate between 0.02 and 0.03 % at an output end 
thereof, and the diffraction grating (13) has a k 
L value between 1 .2 and 1 .3. 

4. An optical modulator comprising the optical device 
as defined in claim 3 as a built-in light source. 

5. An optical device comprising: 

a substrate; 

a distributed feedback (DFB) semiconductor la- 
ser (30) formed on the substrate (11) and in- 
cluding a diffraction grating (13) having an 
30 asymmetrical X /4 phase shift region (14), the 

diffraction grating (13) extending along an op- 
tical axis of the DFB semiconductor laser (30); 
and 

a field absorbing modulator (40) integrated with 
35 the DFB semiconductor laser (30) on the sub- 

strate (11) for modulating a light wave emitted 
from the DFB semiconductor laser (30) char- 
acterized In that: 

the modulator (40) has a facet reflection 
40 rate between 0.03 and 0.05 % at an output end 

thereof, and the diffraction grating (13) has a 
kL value between 1 .3 and 1 .4. 

6. An optical modulator comprising the optical device 
45 as defined in claim 5 as a built-in light source. 

7. An optical device comprising: 

a substrate; 

so a distributed feedback (DFB) semiconductor la- 

ser (30) formed on the substrate (11) and in- 
cluding a diffraction grating (13) having an 
asymmetrical X /4 phase shift region (14), the 
diffraction grating (13) extending along an op- 

55 tical axis of the DFB semiconductor laser (30); 

and 

a field absorbing modulator (40) integrated with 
the DFB semiconductor laser (30) on the sub- 



4 



7 EP1 154 533 A1 8 

strate (11) for modulating a light wave emitted 
from the DFB semiconductor laser (30) char- 
acterized in that: 

the modulator (40) has a facet reflection 
rate between 0.05 and 0.1 % at an output end 5 
thereof, and the diffraction grating (13) has a 
kL value between 1 .4 and 1 .7. 

8. An optical modulator comprising the optical device 
as defined in claim 7 as a built-in light source. ™ 



15 



20 



25 



30 



35 



40 



45 



50 



55 



5 



EP 1 154 533 A1 



FIG. 1 
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